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(54) External mirror type wavelength tunable laser 



(57) In an external mttror type semiconductor iaser 
composed of a semiconductor User havmg a structure 
wherein a reflection factor is reduced on one end piane 
thereof and a lens as well as ^ gr^ling type reilector 
disposed on the side ol the end plane, respectively, the 



lens is shifted in the direction orthogonal to a light axis 
and an incident angle of the tight outputted from the end 
plane to the grating type reflector is changed, whereby 
an exterpc! mirror type wavelength tunable laser having 
a simple structure and tuning a radiated wavelength can 
be realized (Fig 1) 
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Description 

[00011 The present invention reiaies to an external 
mirrcr type wavelength tunatjie laser and particularly to 
an externa! mirror type wavelength i unable laser wnich 
c?to tune the wavelength so as to be used suitafciv fcr 
optical conr.municalion. 

[0002] In recent years, improvements in performance 
of computer are remarkdbia so that compLler-ccmputer 
communications are implemented usually in ordinary 
home. Furthermore, internet is developed in world-wide 
scale so that circumstances in communication are 
changed violently. 

[0003] Under these circumstances, information is re- 
quired instantly by one who is concerned with commu- 
nications Upon demand at such request, oplicai-tibor 
telecommunication system by which a large amount of 
various infonmation can be transmitted at high-speed is 
utilized as the media. 

[0004] Recently, it is required to transmit at real .ime 
not only character information, but also a variety cf in- 
formation such as siiil image dynamic image and 
speech data, so that high-capacity opticat-Hber telecom- 
munication system becomes developed 
[0005] Moreover, in order to transmit data through an 
optical-fiber telecommunication system over great dis- 
tances, it is required to amplify lightwave signals in the 
course of optical-fiber line. In this respect introduction 
of erbium doped optical-fiber amplification (ED^A) is 
made also as means for light amplification 
[0006] When EDFA systerr is applied as means for 
light amplification, wavelength division multiplex .s'oer- 
formed within a wavelength band of EDFA (about 3C nm 
in the existing state) to make mass -storage of data, so 
that the above described transmission system is orc- 
ceeding toward practical utilization 
[0007] In this system, a numoer ot licht sources each 
having a specified wavelength are required. In the case 
where a plurality of light sources are used, there are dis- 
advantages of high cost, upsizing of equioment high 
consumption ot energy and the like, and hence, it ts de- 
sired to eliminate these disadvantages. 
[0008] Accordingly, . it is desired to realize a wave- 
length lunaole laser in which a wavelength can be tuned 
arbitrarily with;n the wavelength band cf EDF.A i e that 
of about 30 nm. so that the wavelength can be specified 
to a predetermined wavelength 

[0009] Wavelength tunable Inser is classified broadly 
into semiconductor monolithic type and external rniircr 
type wavelength tunable lasers As to semiconductcr 
monolithic type wavelength tunable laser the practical 
one which can tunc wovciength -.vithin a ranoe o: wave 
length as wide ao about 30 nm corrcopcnaing tc lhai of 
EDFA is net in oxistenco. 

[0010] On the other hand tiiere are also such disad- 
vantages in that a mechanism for rotating a qratinc :ypG 
reflector becomes upsizino and the like m ^ven oxtt?rnHl 
mtrrcr type wavelength tunable laser ;he case where 



such gating type reflector is used as an external mirror 
?^nd if an incidem angle or hgnt outoutted to the grating 
reflector is changed for tuning emitting wavelength 
wherein a manner for rotating the grating reflector by the 

s use of a motor and the like manner is applied. 

[0O11] Accord:ngly. if is an object of the present inven- 
tion to provide an external mirror type wavelength (un- 
able laser having a simple structure and capable of tun - 
ing an emitting wavelength 

10 [0012] According to the invention, an external mirror 
type wavelength tunable laser, comprises a semicon- 

^ ductor laser having one end plane of a reduced reflec- 
tion factor; a lens provided to face the one end plane of 
the semiconductor laser; a grating type reflector for re- 

•5 fleeting a light supplied via the lens from the one end 
plane ot the semiconductor: and means for shifting the 
lens in a cirecticn orthogonal to a light axis of the lens 
to change an incident angle of the light to the grating 
type relleclor 

20 [0013] ft is preferred that the above described shifting 

means is a piezoelectric element. 

[0014] Furthermore, tt is preferred that a focal point of 

the lens is se: on the above described end plane of the 

semiconductor laser. 
25 [0015] Moreover, it is pre ferred that the light outputtod 

from the above described end plane is converted into 

parallel light. 

[0016] Further it is preferred that the above descrtbed 
lens is an asphencal lens 
30 [0017] The present invention will be explained in more 
detail jp conjuncTion with appended drawings, wherein; 

FIG 1 1S an explanatory diagram showing a consti- 
tution of the external mirror type wavelength tunable 
laser according to an embodiment of the present in- 
vention. 

FIG. 2 is a craph indicating an example of charac- 
teristics of a relationship between emitted wave- 
length and moving distance of a lens in the external 
•^0 mirror type wavelength tunable laser according to 
. the embodiment of the present invention; 
FIG. 3 is a graph indicating an example of charac- 
teristics cf light output versus current in the external 
mirror type wavelength tunable laser according lo 
(he embodiment ot the present invention; and 
FIG 4 is an explanatory diagram showing a consti- 
tution of the external mirror type wavelength tunable 
laser according lo another embodiment of the 
present invention 

sc 

[0018] FIG 1 IS an explanatory diagram showing a 
constitution cf the external mirror type wavelength tun- 
able laser according to the embodiment of the invention 
wherein non-refieciion coating is applied to one end 
^•^ plane n of a semiconductor laser 1 . whereby each re- 
flection factor cf input light and output light is reduced 
in the enrt oic.r.e 11 The light outpulted from the semi- 
conductor laser 1 IS converted into parallel light by 



30 



J5 



40 



2 



3 

means oi a Ions 2 eithor focal potoi or which is placed 
so p.s to -i^ce thfi end plane 1 1 of Ihe semiccnducior i;^ser 
1 

[0019] The lens 2 'S movable m a plane orthogonal to 
a direction of laser beam (light axis) outputted from the ^ 
end plane ^^ ot the senrjiconductor laser l. When a po- 
sition of the lens 2 is changed, the direction of laser 
beam outputted from the end plane 1 1 can be varlec. 
For sxampie. when the iens 2 has been snitted up to a 
position represented by the broken line ir. FIG 1 as a 
result of transferring the lens 2 along the direction rep- 
resented by arrow D in the figure, an outputting direction 
of light changes with an angle H shown in FIG. 1. 
[0020] A grating type reflector 3 separates spatially 
the laser beam which was outputted from the end piane 
1 1 of the semiconductor laser 1 and has been converted 
inro pa.allel light by means of the lens 2 in each wave- 
length. 

[0021] ly^oreover. another lens 5 is disposed on the 
side of the opposite end plane of the semiconductor la- 
ser 1 The lens 5 functions to collect the laser beam out- 
putted from the above descnbed end plane of the sem- 
tconducior laser 1 The laser beam outputted trom the 
semiconductor laser 1 is propagated through an optical 
fiber 4 

[0022] Any non- reflection coating has not been ap- 
plied to the opposite end plane of the semiconductor la- 
ser 1 but in the case of the end plane 11 . so that a res- 
onator is composed of the present end plane and the 
grating type reflector 3 

[0023] As mentioned above, the grating type reflector 
3 functions to separate spatially the laser beam which 
was outputted from the end plane 11 of the semiconauc- 
tor laser 1 and has been converted into parallel light by 
means of the lens 2 in each wavelength. Thus, the wave- 
lengths satisfying the resonating condition required by 
the resonator are restricted, so tnat laser beam ot pre- 
scribed wavelengths can be obtained. 
[0024] Furthermore, since an angle at which parallel 
light is inputted to the grating type reflector 3 can be var- 
ied by changing a position of the lens 2 as mentioned 
above, a wavelength of the laser beam outpuiied be- 
comes variable 

[0025] The above-mentioned grating ^/pe reflectcr 
exhibits remarkable wavelength dependency so that 't 
has a significant reflection factor at a specified wave- 
length. In this respect, a wavelength at which the reflec- 
tion (actor becomes the peak vaiies by changing an in^ 
cidenl angle e cf the light to be inputted to the grating 
type reflectcr 3 When a wavelength at which the re-'lec- 
tion factor becomes the peak is represented by ^ a re- 
lationship between the peak wavelength X and ths angle 
9 of incident light is given by the tollowing 3quai:cn (1 ) 

dX/dO = cos rt/Nm ' i 

where N is the ai^mber of grooves per 1 mm cf '^fp.^inc. 



i 

and m <s a degree or diffraction 

[0026] The present embodiment is character!/ ed by 
changing an angle B of the incident light applied to the 
grating type reflector 3 by shifting a position of the lens 
2 in the direction onhogonal to the light axis 
[0027] In the present embodiment, the lens 2 is dis- 
posed at a position away from the end plane 11 of the 
semiconductor laser l exhibiting a reduced reflection 
factor by a focal length f of the lens 2. and in addition, 
the laser beam outputted from the end plane 1 1 is con- 
verted into parallel light by means of the lens 2 as men- 
tioned above. 

[0O28] In this arrangement, a relationship between a 
tens moving distance dx with respect to the tight axis of 
the lens 2 and an angle 6 of incident fight to the grating 
type reflector 3 is given by the following equation (2) 

de/dx = 1/f (2) 

[0029] From the above described equations (1) and 
(2), the following equation (3) is obtained: 

dkidx = oos B/(Nmf) (3) 

[0030] According to equation (3). the peak wave- 
length of the grating type reflector 3 may be changed by 
shifting a position of the lens 2 in the direction orthogonal 
to the light axis 

[0031 ] !n the following, the invention will be described 
by employing specific parameters. 
[0032] The grating type reflector 3 ;s used in Liitrow 
mounting wherein primary diffraction is applied in a 
wavelength band of 1550 nm. The parameters in this 
situation are as follows 

ccs 0 = 3 693 



N = 500 (1/mml 



m = 1 

[0033] Fuilher an aspherical lens having a fecal dis- 
tance f = 600 mm is used as the lens 2. 
[0034] When these numerical values are assigned to 
the equation {3). it yields 

dX/dx ---Sx 10-3 

[0035] An example of characteristics of the external 
mirror type wavelength tunable laser according to the 
embodiment of the present invention will be described 
hereinafter 
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{0036] A semiconductor laser used in ihe emcodi- 
ment was (he ore hRving a gam peak waveiengm of 
around T 560 nm. A refiectlon iaclor of the end piane 1 1 
to which non-reflection coaling has been applied to re- 
duce the reflect.'cn factor is about 0.5%. Measurement s 
oithe characteris-.ics has been made by utilizing the Uqhi 
outputted from the optical fiber in FIG 1 
[0037] FIG. 2 is a graph indicating an example ot char- 
acteristics of a relationship between emitted wavelength 
and moving distance of the lens 2 in the external mirror to 
type wavelength tunable laser according to the embod- 
iment of the present invention wherem mark "o" indi- 
cates measured values. 

[0038] As is apparent from FIG 2. radiation of laser 
was confirmed within an extremely wide range of about 
100 nm extending from 1510 nm to 1620 nm. 
[0039] A rate of change 6k 1/dx m emitted wavelength 
with respect to a moving distance of the lens 2 is about 
3.9 (nnvmmj = 3.9x10-3 The result is somewhat larger 
than the at>ove-mentioned calculated value, but emitted 
wavelength vanes in pfoportKXi to moving distance of 
the lens, whereby appropriateness of the external mirror 
type wavelength unable lase- according to the present 
embodiment was confirmed 

[0040] FIG 3 IS a graph mdicnting an example of char- 2S 
acteristics of lignt output versus oloclric current in the 
extemal mirror type wavelength unable laser according 
to the embodiment of the present invention 
[0041] In FIG 3 since the gam peak wavelength of 
the semiconductor laser 1 was tn the vicinity of 1 560 nm, oo 
a threshold current value in ihc vicinity of that wave- 
length is the lowest and the fight output is also sicnifi- 
cant, while it is remarkable that threshold current value 
increases and light output decreases at a wavelength 
away from that v/avelength of lor example 1515 nm 55 
and 1616 nm. 

[0042] As described above about 1 CO nm is attained 
as a wavelength tunable range of the external mirrcr 
type wavelength lunabie laser according to the present 
embodiment. However, it is considered to be reasonable ' -^o 
to use the extemal mirror type wavelength tunable mir- 
ror within a range of wavelength of around 50 nm in view 
of practical potnl of view with taking light output and 
threshold current value characienslics into considera- 
tion, -t^ 
[0043] The external mirror type wavelength tunable 
laser according to another embodiment of the present 
invention will be described hereinafter. 
[0044] FIG 4 13 an explanatory diagram showing a 
constitution of the extemal mirror type wavelength tun- 
able laser accorcing to another embodiment of the in- 
vention wherein -.he same or like parts m Iho present 
embodiment arc designated by the same reference 
numbers as those of the former embodiment shovvn in 
FIG. 1. and the explanation therefor is omitted ^-^ 
[0045] The extemal mirror type wavelength tunable 
laser according to the present embodiment of the inven- 
tion shown in FIG 4 differs from that of the former em- 



bodiment shown in FIG 1 in that a piezoelectric element 
6 IS utili>ed as the means for shifting a position ol the 
lens 2. 

[0046] An element from which a shifting amount of 
around 10 m^ is obtained by changing an applied volt- 
age from 0 volt to 100 volts was employed as the pie- 
zoelectric element 6. As an actual tunatjle range of 
wavelength, about 40 nm ranging from 1540 nm to 1 530 
nm was conri'-med. 

[0047] In order to achieve a wider tunable range of 
wavelength by a snialler moving distance, reduction of 
the number N of grooves In the grating type refl^or 3 
based on the alx)ve*mentioned equation (3) as well as 
reduction of a focal distance f of the leans 2 are effective. 
[0048] However, it is not so practical to reduce the 
number IM. l:ecause it results in decrease in wavelength 
resolving power as well as in diffraction efficiency of the 
grating type reflector 

[0049] On the other hand, reduction of focal distance 
f can be realized by employing a microlens having a 
shorter focal distance f. For instance, when a plate mi- 
crolens is used, a wavelength tunable range of around 
40 nm can be realized by a lens moving distance of 2 to 
3 mm, since such plate microlens has a short focal dis- 
tance cf around a little less than 100 mm. 
[0050] While the present invention has been ex- 
plained in conjunction with the above described embod- 
iments, it is not limited only thereto. 
[0051] For instance, although an asphencal lens has 
been employed as the lens 2 in the emtxxliment de- 
scribed in relation to FIG. 1 . the same advantageous ef- 
fects can be obtained by employing even another type 
of lens. Furthermore, while the lens 2 has been disposed 
at a position away from the end plane 11 of the semi- 
conductor laser 1 having a reduced reflection factor by 
a distance corresponding to the focal distance of the 
Ions 2 in the same embodiment, the position is not lim- 
ited thereto 

[0052] Moreover, while the case where the piezoelec- 
tric element 6 is used as means for shifting electrically 
a position of the leans 2 has been descnbed in the latter 
emtxxjiment shown in FIG. 4, the invention is not limited 
thereto 

[0053] As cescribed above, according to the present 
invention, an external mirror type semiconductor laser 
composed of a semiconductor laser having a structure 
wherein a reflection factor is reduced on one end plane 
thereof, a lens, and a grating type reflector, both the 
members being disposed on the side of the end plane, 
comprises further means for shifting the aforesaid lens 
in a direction orthogonal to a light axis to change an in- 
cident angle of the light outputted from the aforesaid end 
plane to the grating type reflector As a result, the ir.von- 
lion exhibits such advantage of boing capable ol realiz- 
ing a wavelength tunable lasor over wide range of 
wavelength cf several tens nm or more 
[0054] It will bo appreciated by those of ordinary skill 
in the art that the present invenlion can be embodied in 
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oi-.er specific 'ornns vvsinouc depamno rem ihe spint cr 
essenfi^ii characreristics rhftreot 



Claims s 

1. * An externa) mirror lype semiconauctor laser com- 

pfjs»ng 

a serriiccnductor laser having one end plane of 
a reduced reflection factor; 
d lens provided to face said one end plane of 
said semiconductor laser, ^ 
a grating type reflector for reflecting a light sup- 
plied via said lens from said one end plane of 15 
said semiconductor: and 
means for shilling said lens m a direc;ion or- 
thogonal to a light axis of said lens to change 
an incident angle of said (ighl to said gratmg 
type reflector 20 

2. The external mirror type semiconductor laser- as de- 
fined rr claim 1 . wherein said means for shifiinc the 
lens IS o piezoelectric element. 

25 

3. The laser as defined in ciaim 1 or 2. wherein a posi- 
tion of either of the focal points of said lens s set 
onto said end plane. 

4. The laser as in claim 1. 2 or 3. wherein said lens 30 
converts the light outputted from said end plane into 
parallel light 

5. The laser as defined in ciaim 1. 2. 3 or 4. v/nerein 
said lens is an asohencal lens ^5 
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